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Background: Awareness of the importance of strengthening investments in child health and monitoring the
quality of services in the pediatric field is increasing. The Pediatric Quality Indicators developed by the US Agency
for Healthcare Research and Quality (AHRQ), use hospital administrative data to identify admissions that could be
avoided through high-quality outpatient care. Building on this approach, the purpose of this study is to perform an
empirical examination of the ‘pediatric gastroenteritis admission rate’ indicator in Italy, under the assumption that
lower admission rates are associated with better management at the primary care level and with overall better
quality of care for children.
Methods: Following the AHRQ process for evaluating quality indicators, we examined age exclusion/inclusion
criteria, selection of diagnostic codes, hospitalization type, and methodological issues for the ‘pediatric
gastroenteritis admission rate’. The regional variability of hospitalizations was analyzed for Italian children aged
0–17 years discharged between January 1, 2009 and December 31, 2011. We considered hospitalizations for the
following diagnoses: non-bacterial gastroenteritis, bacterial gastroenteritis and dehydration (along with a secondary
diagnosis of gastroenteritis). The data source was the hospital discharge records database. All rates were stratified
by age.
Results: In the study period, there were 61,130 pediatric hospitalizations for non-bacterial gastroenteritis, 5,940 for
bacterial gastroenteritis, and 38,820 for dehydration. In <1-year group, the relative risk of hospitalization for
non-bacterial gastroenteritis was 24 times higher than in adolescents, then it dropped to 14.5 in 1- to 4-year-olds
and to 3.2 in 5- to 9-year-olds. At the national level, the percentage of admissions for bacterial gastroenteritis was
small compared with non-bacterial, while including admissions for dehydration revealed a significant variability in
diagnostic coding among regions that affected the regional performance of the indicator.
Conclusions: For broadest application, we propose a ‘pediatric gastroenteritis admission rate’ that consists of
including bacterial gastroenteritis and dehydration diagnoses in the numerator, as well as infants aged <3 months.
We also suggest adjusting for age and including day hospital admissions. Future evaluation by a clinical panel at
the national level might be helpful to determine appropriate application for such measures, and make
recommendations to policy makers.
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Thorough understanding and international comparisons
of the health needs of children and the ways in which
health systems address these needs require appropriate
data [1]. Moreover, children are often an afterthought
when health information systems are created: missing
data, different methodology/patterns in developing mea-
sures for quality assessment (e.g., different coding habits
for diagnosis inclusion in hospitalization rates) often
prevent indicators to be transferable between countries.
Simply applying indicators to younger age ranges is in-
sufficient because specific characteristics distinguish
children from being simply ‘little adults’ [2,3]. Optimally,
indicators should be adapted to age groups and contexts
of care to enable comparative evaluation of the quality
of care provided by health services, particularly when
health systems are different [4].
Although some European projects have provided sets of
indicators for children for primary and secondary care
evaluation (Child Health Indicators of Life and Develop-
ment [CHILD] project, Organization for Economic Co-
operation and Development [OECD] pediatric indicators)
[5], few research studies focus on proper methodology
to develop such indicators and adapt them to different
contexts.
A systematic attempt to measure the quality of child
health services has been made in the US with the
Pediatric Quality Indicators (PDIs) developed by the
Agency of Healthcare Research and Quality (AHRQ) in
collaboration with Stanford University and the Univer-
sity of California [6]. The PDIs are a set of measures
based on hospital discharge data that provide a perspec-
tive on the quality of pediatric healthcare; they focus on
iatrogenic events and potentially preventable complica-
tions for patients treated in hospitals. In particular, the
PDIs released in 2006 included several indicators to
identify potentially avoidable hospitalizations for ‘ambu-
latory care-sensitive’ conditions (ACSCs). These condi-
tions include asthma, gastroenteritis, short-term diabetes
complications, perforated appendix, and urinary tract in-
fections [6,7].
The underlying concept is that timely and effective
ambulatory care ensured by an integrated comprehen-
sive system of providers and services with a preventive
orientation, may avoid hospitalizations due to the men-
tioned conditions. According to the AHRQ, the develop-
ment process of such indicators requires an empirical
analysis in order to establish their validity and reliability,
detect bias and design appropriate risk adjustment
models before submitting candidate indicators to clinical
panelists.
These quality indicators were the first set of measures
developed exclusively for children using administrative
databases and, to our knowledge, they have not beenextensively used in Italy, even if some of them have been
recently proposed by the National Outcomes Program
(PNE, Programma Nazionale Esiti) [8]. Considering all
pediatric hospitalizations due to ACSCs, dehydration/
gastroenteritis is the second most common after asthma
[9]. Gastroenteritis, in fact, is the most frequent reason for
unscheduled visits to pediatricians after respiratory infec-
tions, and timely and effective care such as oral rehydra-
tion therapy may reduce the need of hospitalization [10].
Viruses remain by far the most common cause of
acute gastroenteritis in children, in both industrialized
and developing countries, though other bacterial and
parasitic enteropathogens can be involved in the onset
of the disease [11]. Rotavirus is the leading cause of se-
vere acute gastroenteritis (vomiting and severe diarrhea)
among children worldwide. Rotavirus vaccine was found
to prevent almost all severe rotavirus infections (85% to
98%) and 74% to 87% of all rotavirus episodes. For these
reasons, the Center for Disease Control and Prevention
(CDC) currently recommends the use of the two differ-
ent rotavirus oral vaccines licensed for infants in the
US [12].
The introduction of the vaccination was found to be
associated with a dramatic reduction in hospital admis-
sions for acute gastroenteritis among US children during
the 2008 rotavirus season [13]. Vaccination against the
rotavirus has been recently introduced in Italy, even if
not yet on a national scale, within the National Vaccin-
ation Plan 2012–14. Further investigation on the effect-
iveness of vaccination in reducing hospital admissions
linked to dehydration/gastroenteritis in Italy would be
helpful to orient national and regional policies towards
increased adherence to the vaccination campaign [14].
This proves again the need to provide reliable and suit-
able indicators for monitoring activities and comparative
evaluations in our healthcare setting.
The aim of the current study was to perform an em-
pirical examination of the ‘pediatric gastroenteritis ad-
mission rate’ indicator in Italy.
Methods
The key elements of ‘pediatric gastroenteritis admission
rate’ indicator were examined through empirical ana-
lyses, as proposed by the AHRQ. These included:
(1)Diagnostic codes selection;
(2)Age exclusion/inclusion criteria;
(3)Hospitalization type: daytime hospital care (‘day
hospital admissions’)a vs. ordinary hospitalizations;
(4)Age adjustment vs. stratification by age for
comparative purposes.
The data source was the Italian hospital discharge re-
cords (HDRs) database, and Census data for the indicator’s
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graphic characteristics, admission and discharge dates,
admission referral source, discharge status, principal
diagnosis, up to five secondary diagnoses, and up to six
interventions. HDRs are sent by all public and private
hospitals to their own region, and every six months
from the region to the Ministry of Health. Since 1995,
all information stored in regional HDR databases has
been consistent and harmonized at the national level.
The HDR-DRG (Diagnosis Related Group) system is
systematically used to allocate funds to hospitals and to
monitor quality of care and outcomes.
The population of interest included all patients aged 0–
17 years discharged between January 1, 2009 and December
31, 2011 with a primary diagnosis of non-bacterial gastro-
enteritis (ICD-9-CM codes: 008.6x, 008.8, 009.x, 558.9) or
bacterial gastroenteritis (003.0, 003.8, 003.9, 004.x, 008.0x–
008.5)b. We also analyzed pediatric hospital admissions for
dehydration (276.5x) as primary diagnosis, when the sec-
ondary diagnosis was gastroenteritis (either bacterial or
non-bacterial). A detailed list of ICD-9-CM diagnosis codes
included in the analyses is provided as Additional file 1.
Records were excluded from the analysis if the follow-
ing criteria were met:
(1)Major Diagnostic Category code 14 (pregnancy,
childbirth and puerperium);
(2)Transfers from other hospitals;
(3)A diagnostic code of gastrointestinal abnormalities
(538 [gastrointestinal ulcerative mucositis], 555.x
[regional enteritis], 556.x [ulcerative enterocolitis],
558.1–558.3 [toxic/allergic gastroenteritis and colitis,
or due to radiation], 579.x [intestinal
malabsorption]).
Pediatric admission rates were calculated as the aver-
age annual number of hospitalizations over the popula-
tion aged 0–17 years per 1,000 inhabitants. Specific
hospitalization rates were calculated for the following
age groups: <1, 1, 2–4, 5–9, 10–14, 15–17 years. Age-
adjusted rates were computed using the Italian popula-
tion aged 0–17 years on January 1, 2002 as the standard
population. The regional variability of hospitalization
rates was examined through caterpillar plots and stacked
bar charts. All analyses were performed using Stata soft-
ware, version 13 (StataCorp. 2013. Stata Statistical Soft-
ware: Release 13. College Station, TX: StataCorp LP).
The study was carried out in compliance with the Ital-
ian law on privacy (Art. 20–21, DL 196/2003). Data were
encrypted with a unique identifier assigned to each pa-
tient. This identifier does not allow tracing the patient’s
identity and other sensitive data. When encrypted ad-
ministrative data are used to inform healthcare planning
activities, studies are exempt from notification to theEthics Committee and no specific written consent is
needed to use patient information stored in the hospital
databases.
Results
Over the study period (2009–11) the number of pediatric
hospitalizations (0–17 years) was 61,130 (average annual
rate: 1.99 per 1,000) for non-bacterial gastroenteritis, 5,940
(0.19 per 1,000) for bacterial gastroenteritis, and 38,820
(1.27 per 1,000) for dehydration. Table 1 shows the hospital
admission rates stratified by age group and the relative
risks in children at different ages compared with adoles-
cents. In <1-year group, the relative risk of hospitalization
for non-bacterial gastroenteritis was 24 times higher than
in adolescents, then it dropped to 14.5 in 1- to 4-year-olds
and to 3.2 in 5- to 9-year-olds. Results were similar for bac-
terial gastroenteritis and dehydration: compared with ado-
lescents, infants and preschool children had a higher risk
of hospitalization for these conditions (Table 1).
The percentage of hospitalizations for non-bacterial
and bacterial gastroenteritis by region is presented in
Figure 1. As expected, we found a small percentage of
bacterial gastroenteritis hospital admissions at the na-
tional level (8.9%), with small variability among regions.
As a result, the inclusion of bacterial gastroenteritis
diagnoses barely affects the regional performance of the
indicator compared with the national average (Figure 2).
Stacked bar charts showing the percentages of admis-
sions for dehydration and gastroenteritis (either bacterial
or non-bacterial) (Figure 3), show huge variability in diag-
nostic coding among regions: in five regions more than
50% of hospitalizations were coded as primarily due to de-
hydration, whereas in regions such as Lombardy and the
two autonomous provinces of Trento and Bolzano ap-
proximately 10% of hospital admissions received a primary
diagnosis of dehydration. The inclusion of dehydration
diagnostic code affects the regional performance of the in-
dicator compared with the national average (Figure 4). In
particular, if we consider hospitalizations for gastroenter-
itis and dehydration, the national rate strongly increases,
as well as the variability among regions; moreover, in two
regions (Abruzzo and Sardinia) rates of gastroenteritis-
and-dehydration together are even five times higher than
rates of gastroenteritis coded as primary diagnosis.
Since the AHRQ excludes infants aged <3 months from
the indicator, we investigated the proportion of dehydra-
tion and gastroenteritis and its variability among regions
for two age groups in the first year of life: <3- and 3- to
11-month-olds. At the national level, we found a lower
proportion of dehydration in <3-months group compared
with 3–11 months group (20.3% vs. 31.6%, respectively),
and considerable variability among regions in both groups
(see Additional file 2: Figure S1 and Additional file 3:
Figure S2). However, regional pattern of diagnostic
Table 1 Pediatric hospital admissions in Italy by primary diagnosis and age group (period 2009–11)
Age group N %* Average annual rate (per 1,000) RR (95% CI)
Non-bacterial gastroenteritis
<1-year† 13,492 3.5 7.99 24.2 (23.0–25.5)
1–4 years 32,735 6.0 4.79 14.5 (13.8–15.2)
5–9 years 8,959 2.4 1.06 3.2 (3.0–3.4)
10–14 years 4,216 1.2 0.50 1.5 (1.4–1.6)
15–17 years 1,728 0.7 0.33 Ref.
Total 61,130 3.3 1.99
Bacterial gastroenteritis
<1-year‡ 750 0.2 0.44 8.8 (7.5–10.4)
1–4 years 2,949 0.5 0.43 8.6 (7.4–9.9)
5–9 years 1,352 0.4 0.16 3.2 (2.9–4.0)
10–14 years 653 0.2 0.08 1.6 (1.5–2.0)
15–17 years 236 0.1 0.05 Ref.
Total 5,940 0.3 0.19
Dehydration
<1-year§ 6,047 1.6 3.58 59.7 (54.3–68.3)
1–4 years 23,389 4.3 3.42 57.0 (52.0–65.1)
5–9 years 6,646 1.8 0.78 13.0 (11.9–14.9)
10–14 years 2,430 0.7 0.29 4.8 (4.4–5.5)
15–17 years 308 0.1 0.06 Ref.
Total 38,820 2.1 1.27
*Percentage over total pediatric hospitalizations in Italy (except Major Diagnostic Category codes 14 [pregnancy, childbirth and puerperium] and 15 [newborns
and other neonates]).
†In <1-year group, 2,425 children (18.0%) were aged less than 3 months.
‡One hundred fifty-two children (20.3%) were aged less than 3 months.
§Six hundred fifty-eight children (10.9%) were aged less than 3 months.
RR, relative risk; 95% CI, 95% confidence interval.
Data source: Ministry of Health.
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Figure 1 Percentages of hospital admissions for non-bacterial and bacterial gastroenteritis by region (0–17 years). AP, autonomous
province; VG, Venezia Giulia. Data source: Ministry of Health.
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Figure 2 Caterpillar plot of age-standardized regional admission rates (per 1,000) for non-bacterial gastroenteritis and for
non-bacterial and bacterial gastroenteritis combined (0–17 years). Note: Dashed lines, national averages. Data source: Ministry of Health.
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ered: regions (Piedmont, Tuscany, Umbria, Abruzzo,
Basilicata and Sardinia) with the highest proportions of
dehydration hospital admissions in <3-months group
(see Additional file 2: Figure S1) had the highest propor-
tions of dehydration admissions also in 3–11 months
group (see Additional file 3: Figure S2).
Furthermore, we explored the need for age-stratification
for regional comparative analyses. Caterpillar plots of age-
specific gastroenteritis-and-dehydration admission rates0 10 20 30 40
Sardinia
Sicily
Calabria
Basilicata
Apulia
Campania
Molise
Abruzzo
Lazio
Marche
Umbria
Tuscany
Emilia-Romagna
Liguria
Friuli-VG
Veneto
AP of Trento
AP of Bolzano
Lombardy
Aosta Valley
Piedmont
Gastroe
Figure 3 Percentages of hospital admissions for gastroenteritis and d
both non-bacterial and bacterial diagnoses. Data source: Ministry of Health.(Figure 5) revealed similar regional patterns of the indica-
tor across the age groups considered (<1-, 1- to 4-, and 5-
to 9-year-olds), with a risk of hospital admission signifi-
cantly higher in younger age groups. A similar regional
pattern is also confirmed for children aged 10 years or
more (figure not shown). Thus stratification by age is un-
necessary, as the age pattern of hospital admissions does
not vary across regions.
Lastly, we explored the effect of type of hospitalization
by including day hospital admissions in the analysis. In50 60 70 80 90 100
nteritis Dehydration
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Figure 4 Caterpillar plot of regional age-standardized admission rates (per 1,000) for gastroenteritis and for gastroenteritis and
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Lenzi et al. Italian Journal of Pediatrics 2014, 40:14 Page 6 of 8
http://www.ijponline.net/content/40/1/14Italy, only 2% of all gastroenteritis-and-dehydration hospi-
talizations were day hospital admissions, with low rates for
all regions with some variability (range: 0.4% in Lombardy
to 7.4% in Basilicata).
Discussion
The current study aimed to add a second candidate indi-
cator – after pediatric asthma admission rate – to the list
of ACSCs suitable to be used in quality evaluation of pri-
mary care and preventive services in Italy [15]. While
asthma is the prototype of a chronic condition, gastro-
enteritis represents the most common acute disorder in
childhood, for which good primary care management can
avoid hospitalizations. Gastroenteritis admission rates for
newborns and younger children were much higher than
for adolescents (the same was found for asthma) [15], and
this clinically expected variation by age provides face val-
idity evidence for the indicator.
As to the occurrence of non-bacterial and bacterial
gastroenteritis, we found that the latter cases are infre-
quent and marginally affect the value of the indicator.
The AHRQ Pediatric Panel Review excluded bacterial
gastroenteritis diagnoses from the calculation of the
indicator, as they may require hospitalization despite
high-quality outpatient care [3]. With regard to this
point we think that, despite the low prevalence of this
condition, a clinical panel should decide whether to in-
clude or exclude this diagnosis on the basis of the
pediatric primary care organization in Italy, where pe-
diatricians act as primary care physicians in charge of
providing also home visits, when needed. However,should this indicator be used to evaluate the impact of
rotavirus vaccination campaigns, we recommend ex-
cluding all bacterial gastroenteritis diagnoses from the
numerator.
Considering dehydration admissions (primary diagnosis
along with a secondary diagnosis of gastroenteritis), our
findings suggest a particularly frequent use of this code in
specific regions. It is unlikely that this is due to different
systems of hospital reimbursement, because gastroenteritis
and dehydration have similar severity (mean length of stay:
3.2 and 3.4 days, respectively), and the two DRGs to which
they are mainly linked (184 [esophagitis and gastroenter-
itis <18 years] and 298 [symptoms concerning nutrition
and metabolism <18 years]) have very similar national
relative weights (0.30 and 0.27) (ministerial decree 12/18/
2008, link: http://www.sioechcf.it/allegati/DM_18.12.2008-
Nuovi_ICD-9-CM_e_DRG.pdf). Even these differences do
not seem to be related to variations in regional prevalence,
because hospital admission rates do not have a clear
North–south pattern consistent with climate differences.
We thus argue that variability in admission rates may be
explained by differences in coding habits and pediatric pri-
mary care practice, and that excluding dehydration codes,
as currently proposed by the Italian PNE, would result in
missing many cases with gastroenteritis.
Moreover, we examined exclusion of admissions dur-
ing the first 3 months of life from the indicator, as pro-
posed by the AHRQ. Regional coding habits proved to
be similar and consistent across the two age groups con-
sidered (<3-months and 3–11 months), thus exclusion of
the newborns aged <3 months does not affect the
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Figure 5 Caterpillar plot of regional admission rates (per 1,000) for gastroenteritis and dehydration (<1-, 1- to 4-, and 5- to 9-year-olds).
PIE, Piedmont; AOS, Aosta Valley; LOM, Lombardy; APB, Autonomous province of Bolzano; APT, Autonomous province of Trento; VEN, Veneto; FVG,
Friuli-Venezia Giulia; LIG, Liguria; EMR, Emilia-Romagna; TUS, Tuscany; UMB, Umbria; MAR, Marche; LAZ, Lazio; ABR, Abruzzo; MOL, Molise; CAM,
Campania; APU, Apulia; BAS, Basilicata; CAL, Calabria; SIC, Sicily; SAR, Sardinia. Note: Dashed lines, national averages. Gastroenteritis comprises both
non-bacterial and bacterial diagnoses. Data source: Ministry of Health.
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the pediatric population aged 0 to 17 years.
Our empirical analysis confirms the need for age-
adjustment when comparative evaluations are performed.
In fact, the risk of hospital admission is significantly higher
in younger age groups; noteworthy, it is not necessary to
stratify by age group, as age is not an effect modifier of re-
gional performance.
Lastly, we found a very low proportion of day hospital
admissions for gastroenteritis and dehydration at the na-
tional level, but some variability among regions. Thus,
we argue that including day hospital admissions in the
numerator would be worthwhile, so as to capture all po-
tentially avoidable hospital admissions for gastroenteritis
and dehydration, even shorter ones.
Conclusions
As for another ACSC indicator for the pediatric age (i.e.,
asthma hospital admission rate), it is recommended toadapt the ‘pediatric gastroenteritis admission rate’ to the
Italian healthcare setting. Our empirical analysis highlights
some key points to be discussed by a structured clinical
panel review involving specialists from the pediatric field
at the national level.
Acute gastroenteritis hospitalizations might be particu-
larly important also to evaluate the impact of rotavirus vac-
cination campaigns. As already mentioned, since pediatric
acute gastroenteritis in industrialized countries is mainly
caused by rotavirus, rotavirus vaccines will be introduced
in upcoming infant vaccination plans to reduce avoidable
hospitalizations and complications due to this common
acute pediatric condition. Following the example of a re-
cent US vaccination campaign introduction, where RV5
vaccine proved to dramatically reduce the hospitalization
rates due to pediatric gastroenteritis [13], we submit that
measures based on administrative data should be routinely
collected and made systematically available to monitor
vaccination effectiveness and cost-effectiveness. Conceived
Lenzi et al. Italian Journal of Pediatrics 2014, 40:14 Page 8 of 8
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a future surveillance system to monitor adherence and
coverage of vaccination, and pediatric ACSCs might be an
important instrument to evaluate the quality of children
healthcare.
Endnotes
aIn Italy, daytime hospital care (day hospital) consists in
a planned one-day admission to the hospital without over-
night stay, to perform diagnostic procedures and/or sur-
gical, therapeutic or rehabilitative care. These diagnostic
and therapeutic procedures require specific instrumental
techniques, are carried out by multidisciplinary staff and
are more complex than those run on an outpatient basis.
bBacterial gastroenteritis diagnoses were included in the
analysis because we assume that they are potentially pre-
ventable in Italy, where family pediatricians are trained
specialists who work at the primary-care level providing
ambulatory and home care.
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